This item was submitted to Loughborough's Institutional Repository (https://dspace.lboro.ac.uk/) by the author and is made available under the following Creative Commons Licence conditions.
For the full text of this licence, please go to: http://creativecommons.org/licenses/by-nc-nd/2.5/
Introduction
The UK construction industry is under ever increasing pressure from clients, both in the private and public sectors, to deliver projects faster, to better quality and lower cost (Egan, 1998 and Cabinet Office, 2011) . The industry no longer has a choice on whether to adopt continuous improvement techniques and innovations that clients demand and write it into the contracts e.g. UK's Highways Agency Capability Assessment Toolkit (2011). In project-based environments, which are predominant in the construction sector, a common means of identifying improvements and innovations is through lessons learned activities.
However, this has proved to be a difficult area in which to succeed (Carrillo, 2005; Udeaja et al., 2006 and Anbari et al., 2008) . There are significant problems in the current economic climate in that lessons are often 'tacit' and held in peoples' 'heads' or 'minds' (Tsoukas, 2001; Nonaka and Takeuchi, 1995) and with reductions in workforces this learning or knowledge leaks away and is lost forever to the organisation unless it is captured and/or shared (Davenport et al., 2006) . This demonstrates the importance of the social dimension to learning which Lave and Wenger (1991) described as 'situated' in social practice which influences how successful and difficult any learning is as the 'control' is within the individual as well as the organisational context. This means that the differing needs that can arise between those of the organisation and those of the individual need to be taken into account. Therefore, approaches to learning within projects may be different to those of learning across projects and in the wider organisation (Easterby-Smith, 2000) . The guidance currently available concentrates on how to conduct lessons learned in terms of capture rather than the problem of dissemination and implementation of lessons (Collison and Parcell, 2001; Disterer, 2002; Schindler and Eppler, 2003 and Julian, 2008) .
In particular, the content, format and retrieval methods used can create problems for end users in project teams.
This paper reports on the findings of a study aimed at developing an approach construction leaders could adopt to improve their lessons learned practices. The first part of the paper addresses the importance of learning and the construction project context. Next, the research method adopted is explained and justified. This is followed by a description of a conceptual model that translates into a Project Learning Roadmap. Finally, the limitations of the research and its Conclusions are presented. Secchi et al. (1999) defined lessons learned as "A lesson learned is a knowledge or understanding gained by experience. The experience may be positive, as in a successful test or mission, or negative, as in a mishap or failure. Successes are also considered sources of lessons learned. A lesson must be significant in that it has a real or assumed impact on operations; valid in that is factually and technically correct; and applicable in that it identifies a specific design, process, or decision that reduces or eliminates the potential for failures and mishaps, or reinforces a positive result." This definition emphasises lessons can be positive or negative and that they must have impact.
Importance of Lessons Learned
Lessons learned are able to provide competitive advantage if used properly. They also overlap with the broader areas of knowledge management and organisational learning which helps promote innovation depending on the organisation's absorptive capacity (Cohen and Levinthal, 1990) . Knowledge management is the identification, optimisation and active management of intellectual assets to create value, increase productivity and sustain competitive advantage (Webb, 1998) . In this context, lessons learned are the intellectual assets used to create value based on past experience. Likewise, lessons learned contribute to the organisation learning agenda. Numerous authors have discussed the need for organisational learning such as Argyris and Schon (1978), Fiol and Lyles, (1985) and Senge (1993) .
Previous studies (Fisher et al., 1998; Weber et al., 2000) identified that, in spite of significant investments in lessons systems, their ability to promote knowledge sharing is limited. One of the main problems with lessons learned is that although they exist as a key part of most, if not all methodologies, they are rarely successfully employed (Scott and Harris, 1998; Paranagamage et al., 2012) . Lessons need to be contextualised as well as generalised otherwise their effectiveness is diminished and their currency devalued. These leads to lack of take up and from this the idea that the value of lessons might be measured in the number of times they are reapplied and, if possible, some monetary value related to the benefits accrued.
Although lessons learned are generated by and between individuals through social interaction (Lave and Wenger, 1991) , most solutions are developed to meet corporate needs for wider dissemination rather than focussing on individual project members' needs.
This may arise due to the corporate requirements for the lessons to be stored in a repository for future extraction and wider re-use. Nonaka and Takeuchi's (1995) concepts of organisational knowledge creation and knowledge conversion introduce the notion of tacit and explicit knowledge. In recent years this work has been reviewed and extended in a number of papers on which Nonaka collaborated (Nonaka and Takeuchi, 1995; Von Krogh et al., 2012) . The former describes tacit and explicit knowledge interacting along a continuum. The latter explored the role of leadership in organisational knowledge creation and their findings and framework are particularly relevant in construction project contexts. They propose a theoretical framework which takes into account centralised leadership (found in formal organisations) and distributed leadership which is found in more informal organisations which is characteristic of project-based organisations. Their framework covers "activities relating to context, knowledge assets, and the knowledge creation process at three leadership strata"
(Von Krogh et al., 2012) . These are described as the structural layer which hosts formal and structured processes, a core activity layer which is informal and where 'knowledge is created through direct contact and collaboration, and a conditional layer which has leadership activities to connect the informal and formal layers. If these are taken into consideration then different approaches can be used to meet the range of corporate and individual needs. They can also take into account needs based on the different stages of the overall project lifecycle.
The Construction Organisation Context
Previous research has focused on lessons learned in the project management context but little has been done in the specific area of construction organisations. Gibson et al. (2007) is one of the few; they undertook a study of lessons learned practices within US construction organisations and proposed a high level lessons learned process comprising collection, analysis and implementation. The authors suggested three key steps as follows:
(1) Assess the current state of lessons learned program;
(2) Establish a vision for the lessons learned program; and (3) Define a process for how the organisation will reach the vision. The key tenets of this body of work focus on the adoption of a Maturity Model Matrix. Related work by Paranagamage et al. (2012) attempted to understand why construction organisations conducted lessons learned, what they did and the problems experienced. They discovered problems with ownership of lessons learned and the lessons learned processes.
Most of the related work in construction has focused on the broader area of knowledge management; many of these resonate with lessons learned. The work of Robinson et al. Kong-based contractors and concluded that tacit knowledge is of greater strategic importance than explicit knowledge in relation to business performance. The barriers to effective knowledge management in a construction context have been discussed by several authors and these include lack of senior level support (Carrillo, 2004) , the temporal nature of construction projects and teams leading to lack of continuity of staff and subsequent knowledge loss (Graham and Thomas, 2008) , lack of standard processes between the different organisations involved in projects (Carrillo et al., 2004) , and individuals' egos and reluctance to share knowledge due to defensive routines (Argyris 1992) . Time pressures are commonly referred to in the literature and this can sometimes be due to individuals being involved in multiple projects (Disterer, 2002; Egbu et al., 2003; Senaratne and Sexton, 2008; Wiewiora 2009 ).
Research Methodology
The study adopted a qualitative approach given the abstract nature of the main research topics i.e. knowledge management and learning which is common in studies of this type (Cresswell, 2009) . Typically, data collection is carried out in the form of electronic surveys, interviews with individual practitioners and focus groups (Fellow and Liu, 2008) .
These are designed to provide rich data sets which researchers can analyse to find common themes and answers to hypotheses (Yin, 2003) . The results can then be used inductively to develop theories and models.
In this study, the research was carried out in four stages as shown in Figure 1 .
<Insert Figure 1 here>
Stage 1: Understand the Dynamics of Project Learning
Stage 1 was undertaken in order to try and make more sense of the research in this field based on available literature. This attempts to take the key issues into account and explain the dynamics of learning in project settings.
Stage 2: Understand Current Practices and Barriers
This was obtained from three different data sources and included:
• Questionnaires;
• Interviews; and
• Focus Groups.
The questionnaires were aimed at understanding how companies captured, stored and disseminated lessons learned. It also aimed to discover the content and format of what is recorded and the retrieval methods used. It also identified the problems experienced by end users when accessing lessons learned repositories and identified practices that could be used to overcome these difficulties. An electronic questionnaire survey was sent to 122 UK construction companies listed in the New Civil Engineer Contractors File 2010 (NCE, 2010) . Forty-one responses were received which were analysed to identify the key issues. The respondents were middle managers variously involved in business improvement, knowledge management, value and quality assurance, procurement, technical services, etc. The key issues identified from the questionnaires were as follows:
• Reasons for conducting lessons learned;
• Lessons learned contents and methods used;
• Usefulness of the methods and tools used;
• Participants in lessons learned; and
• Access to lessons learned.
The second batch of data collected consisted of nine interviews. The aim of this was to obtain company perspectives on the lessons learned provision and explore the tacit/explicit dimensions of project learning. The interview questions covered:
• Current practices for conducting lessons learned; and
• Barriers and improvements for current practices.
The nine individuals were selected from the questionnaire responses; these consisted of respondents who had stated that they would be willing to participate in an interview. Their positions were Knowledge Managers, Business Development Managers, Chief Engineers, etc. The nine interviewees were thus able to provide a corporate perspective on lessons learned.
The third batch of data came from three focus groups; these originated from three of the interviewees volunteering their site-based project teams for further investigation. Each focus group consisted of about five to seven individuals in positions such as Project Managers, Site Managers, and Site Agents.
In preparation for the interviews a summary of the company's questionnaire response was reviewed. The focus groups reviewed and debated a summary of both the questionnaire results and the interview results. This provided triangulation between the three data sources and provided the perspectives on lessons learned from those who were tasked to collect and use lessons learned.
Stage 3 Conceptual Model Development
Based on the content analysis of the data obtained in Stage 2, a conceptual model was proposed to improve the understanding of lessons learned and their dissemination. The model specifically attempted to include the key areas that should be covered whilst addressing the existing barriers and the improvements required.
Stage 4 Roadmap Development
The key issues identified in Stage 3 were further developed, with the addition of actions and checklists to address those actions. This was translated into a Project
Learning Roadmap that could be used by organisations' leadership teams to improve lessons learned practices, regardless of organisation size.
Results and Discussion
This section briefly summarises the results from each of the three research stages.
Results of Questionnaire Responses
Data was obtained from 41 responses to a questionnaire on lessons learned practices.
Respondents were given a Likert scale of options obtained from literature and options to add other statements. A summary of the main findings is as follows:
The main reasons for conducting lessons learned are (1) to learn for similar projects in the future (100%); (=1) to avoid making mistakes and repeat successes (100%); and
(2) to provide a competitive edge over other companies (96%); and (3) The results showed a wide variety of methods, tools and processes were in use (see Figure   2 ). Post Project Reviews and Face-to-Face meetings were found to be the most informative practices and were also considered the most useful. The least used and the least informative were Video Conferences. In addition, company Intranets/Extranets were one of the most commonly used tools. The most informative overall were Brainstorming and Technical Forums. One respondent stated "We have a problem in capturing and recording good ideas from informal brainstorming sessions". These results appear to reflect the 'social' nature of knowledge i.e. interactive 'face-to-face' activities being favoured, the importance of project context, and the difficulty of retrieval of knowledge buried in Project Files.
<Insert Figure 2 here>
The most common participants of lessons learned activity are project managers, contract managers and quantity surveyors. Other members peripheral to the project team such as commercial managers, design managers, health and safety managers and regional managers were the next group of people likely to be involved. Those members considered as external to the core project team such as business improvement managers, subcontractor representatives and client's representatives were less likely to participate in lessons learned activity. Respondents were also asked to identify the level of access to lessons learned. 67% stated that lessons learned are open to all, 27% stated access was limited to certain teams and 6% stated they had no access to lessons learned
Results from Interviews
Data from the nine interviews helped to determine how organisations recorded and disseminated lessons learned. The interviewees consisted of individuals based in the regional or head offices of construction contractor organisations with responsibility for lessons learned practices. These respondents were chosen to provide a view of what the leaders in the organisations considered was happening in the area of lessons learned and how they could be improved from a corporate perspective. Table 1 shows details of the interviewees' positions and the size of their organisations.
<Insert Table 1 here> All interviewees were very passionate about discussing lessons learned and recognised the need to improve. Interviewee G stated they undertook lessons learned to improve efficiency by cutting out the learning curve. He stated "We are reinventing the wheel in every part of our business. Region [x] will experience a difficulty and another office can experience the same problem".
The interviews covered:
• Current practices for recording and disseminating lessons learned; and
• Barriers and Improvements for current process.
Current Practices: Interviewees' Perspectives
An analysis of the interviews was carried out to determine the tools used in terms of the tacit/explicit dimensions of project learning; the results are shown in <Insert Table 2 here>
The most popular activities for both tacit and explicit knowledge sharing were those that are usually mandated in company procedures for carrying out projects i.e. post project reviews and project review files respectively. However, in analysing their usefulness, project review files were found to be low with the company intranet scoring highest in the explicit category. This brings into question the importance of accessibility and the possibility that knowledge about lessons learned becomes 'buried' in project files which are not easily accessible (Carrillo et al., 2011; Schindler and Eppler, 2003) . The results also indicated that where lessons are documented, these are the least popular methods and also found to be the least useful by the population in this study. The most informative methods indicated were those involving face-to-face communication which echoes the view that knowledge creation and learning are essentially social activities as proposed by many of the leading authors in the field (Nonaka and Takeuchi, 1995; Wenger, 2004) .
Barriers to Current Practices: Interviewees' Perspectives
The barriers highlighted are multi-faceted. A summary of some of these are:
Process: Whilst many companies accept lesson learned are best done at project stage gates, there are still many that rely solely on the project's completion to generate lessons learned.
This means that many key project staff are not available. Because of the time requirement, one company allows one member of staff to produce a project review, solely on his view, from which lessons are drawn. These lessons then remain within the region and are not shared externally. Another company had a contractual requirement to produce an agreed number Best Practice sheets each month. This meant staff were pressured into generating more quantity than quality.
Reluctance to obtain external advice: Several interviewees described the reluctance to accept help from others; not wanting to share their problems or not willing to learn from other people's mistakes. Some Project Managers were not interested in documenting lesson learned because it reflected poorly on them. There is also an ingrained culture of looking forward to new projects, not back to completed projects.
Duplication of Workload:
Interviewee I stated a lot of the lessons learned already exist in numerous other reports, but in a different format because they are required for a different audience, the typically management board. Site staff therefore resent the extra administrative burden of having to produce similar information in a different format for a different audience.
Lack of Perceived Value: Companies do not always recognise the value of lessons learned and in some cases only do them when requested by clients. In other cases, extra overheads are needed to police staff to do the lessons learned. Also, there are no formal processes to encourage new teams to consult previous lessons learned. Interviewee H was convinced that lessons learned are project-specific. In his view, only repeat projects could benefit from lessons learned. This means there is little enthusiasm to invest time and expenditure for reviews that are seen to have little value.
Internal Competition: Interviewees A and G cited internal competition as a key barrier to sharing lessons. One business unit would never ask another business unit for advice or help. It also means that failures are never discussed.
Legal Issues: Interviewee E's legal department had advised them to word lessons learned very carefully. They were not allowed to identify causes of problems because of the potentially negative consequences of using the UK's Data Protection Act. This means that there is no record that thoroughly reflects the lessons learned context.
Generally, the interviewees felt their companies have provided a wide range of corporate tools for capturing lessons learned. However, they acknowledged that their processes are not enforced and they still have a long way to go in finding the best way of communicating those lessons learned with their employees. This is where the next set of data is relevant.
It highlights the needs of the site-based project teams and their views of the corporate systems provided.
Results from Focus Groups
The three focus groups were volunteered from companies A, F and G. The focus groups consisted of site staff views and covered:
• Current lessons learned practices; and
• Barriers and improvements for lessons learned practices.
It was important to obtain the views of the site staff to compare with the corporate view obtained from the nine individual interviews.
Current Practices: Focus Groups' Perspectives
Personal Interaction: The three focus group participants were very strongly in support of the need to learn lessons, not by the use of ICT systems, but using personal interaction such as speaking to more experienced personnel or via team meetings. For example, all three groups had staff who had visited similar projects before commencing on site to learn about the project. Junior staff were comfortable about learning from more experienced members if they had previously met; they would not wish to contact someone that did not know or post questions on various ICT forums. Although company ICT systems, mainly the intranet, were not highly regarded, two of the groups mentioned Google was a greater source of information, once they knew what they were looking for. Thus, even though there are a range of ICT systems that are available to support the different knowledge management (KM) processes, it was found that most participants resorted to learning from doing. This finding is hardly surprising, given that such techniques are affordable, effective and direct. Often specialist KM ICT systems are dependent on investments in ICT infrastructure, require training and buy-in. Besides, there is a level of scepticism associated with technology adoption, especially in construction companies, which could be attributed to the fact that there is a general lack of understanding of the potential benefits of KM technologies. Most organisations view technologies as a means to an end and are therefore reluctant to invest in specialist KM ICT systems. These findings are consistent with the findings of a previous study by Ruikar et al. (2007) .
Ad hoc use of tools: Two of the three participants agreed they knew about the range of lessons learning initiatives available, provided by the head office teams, but those tools were not used and there was no enforcement. For instance, one company had lessons learned cards and Activity Sheets for disseminating lessons but staff preferred to circulate emails amongst the project team because this was considered a simpler, more transparent process.
Communication of results:
Two groups were aware of lessons learned sessions undertaken by senior management but they were disappointed that none of this filtered down to the site staff. In addition, there was the perception that these sessions were heavily focused on high-level commercial issues not on site-based issues. Instead, teams depended on key staff such Contracts Manager (who had an overview of multiple projects) to disseminate any lessons learned informally; they were the link between site teams and the head office.
This was done in an ad hoc manner because the perception was that many Contract Managers would not want to highlight perceived failures.
Barriers and Improvements: Focus Groups' Perspectives
These were numerous and a subset is described below.
Inadequate communication: This is a major issue; it is twofold. Firstly, there is a difference between what the site teams see as useful and what the corporate systems demand. Two site teams were aware of only some of the facilities offered by the head office to promote lessons learned, the third was completely unaware. For example, what head office thought was useful was considered not relevant. Secondly, there is a lack of transparency in the outcome of some of the processes site team undertake e.g. completing a requisite number of lessons learned cards. These are considered to disappear into a "black hole"; they are aware that meetings occur at regional level but they are not party to the outcome. One suggestion is that these collations should at least be accessible to the project managers.
Silo Environment: Site teams operate in a silo environment with little contact with other projects within their business units and have remote and tenuous links with the head/regional offices. They would highly value more opportunities to interact with other site teams who may have similar problems.
Little Value Added:
The perception is that lessons learned documents provide little added value; site teams are being asked to generate documents but they see no evidence of them being useful and they do not have access to the outcomes.
Time Constraints:
Site teams considered there to be few opportunities to share lessons.
The expectation is that they get on with the job and everything else is peripheral. For this reason, any dissemination activity e.g. post project reviews only occur if forced.
Too Process Driven: Site Teams A and I thought their companies were process-driven, but in the wrong sense; it was more important to complete the correct documents and submit them in the right format than it was to have a look at the "big picture". Associated with this was the sense that head office staff should have a greater awareness of what was happening on site.
Culture: This is manifested in a number of ways. Site team G was convinced that there needs to be a change in mind-set to encourage others to learn and to be willing to offer/take advice. "People do not like being told what they are doing is wrong so the sharing process falls down" (site team A). For site team F there is a culture of blame when things go wrong and the sense that some senior project managers believe "knowledge is power". There is also needs to be support from the senior management team to support learning. This is very detrimental in company G where competitiveness between business units means there is a disincentive to share learning. These findings resonate with Szulanski (1996) The above statements show that there is lot to be done to encourage site teams to adopt corporate lessons learned processes. Whilst none of these are new issues, it shows that
organisations are yet to address these challenges. There is clearly a lack of communication and transparency between site teams and head-office teams that needs to be addressed.
There is also a strong emphasis on people-to-people dissemination despite corporate office providing what they regard as a set of useful tools. Moreover, a culture of encouraging the collection and dissemination of lessons needs to be addressed. Time is always a factor but it masks the issue of site teams not recognising the value in collating lessons. Table 3 summarises the data collected from the questionnaire, interviews and focus groups.
The requirements of an improved lessons learned system is categorised to make sense of the findings. The five categories common to all three sets of data are:
• Needs -how can we collate lessons learned that are needed both for corporate metrics and well as site-based performance?
• Process and Tools -how can we overcome the ad hoc use of processes and encourage the use of tools that are useful and easy to administer?
• Content and Format -how can we collect lessons that are relevant and in a format that is easy to understand?
• Repository -how can we store lessons learned in manner that is easy to submit and retrieve?
• Communication and Dissemination -how can we alert those who need the lessons of their existence?
<Insert Table 3 here> Considering all the above factors, a Project Learning Roadmap was developed to provide further guidance.
Project Learning Roadmap
The conceptual model was translated into something that leaders in construction organisations can use to improve their project lessons learned processes and outcomes.
Companies may need to address the questions of 'Do lessons learned address objectives at both project level and corporate levels?' 'Are the tools and techniques used appropriate?'
'Do our lessons learned processes address the problems they are designed to solve?'. The current lessons learned practices may not be geared to solve these problems, perhaps reflected in the desire for alternative tools and techniques. Rather than addressing these issues in a prescriptive manner, a Project Learning Roadmap is proposed (Figure 3) . The
Roadmap draws on the analysis of the interviews and focus groups ( Table 3 ). The
Roadmap consists of three main components as follows:
1.
The Key Elements required to bring about change in the lessons learned practices;
2.
The Actions that need to be undertaken by leaders at both corporate and project levels within the organisation; and
3. An Implementation Guide which provides supporting advice and information in the form of checklists from which each organisation could choose the best approach for their specific context and resultant needs.
<Insert Figure 3 here>
Key Elements
These are expanded from the elements identified in Table 3 . The aim of these are to identify the high level issues the organisations need to be address to improve the dissemination of lessons learned. The starting point is Preparation for the implementation of lessons learned. Most project planning literature advise a pre-planning phase to make any undertaking a success (Pinto and Prescott, 1990) . 
Actions Required
The central part of the Project Learning Roadmap itemises the various actions that need to be undertaken to address each Key Element. Von Zedwitz (2002, p. 255) lamented "most companies have not established a structured approach to learning from projects". These Actions, in the form of a flow chart, are aimed at ensuring there is a structured and coherent manner to address the collection and dissemination of the lessons learned.
Following Von Krogh et al. (2012) advice, it comprises two halves as a reminder that those activities are required to address both the corporate and project teams' needs. The data collection identified that these were sometimes at odds. This stage also contains two review tasks to ensure that the outcome delivers to the expectations. The detail of these will be discussed in the next section with reference to supporting documents.
Implementation Guide
The Roadmap acts as the guide to implementing improved processes and is supplemented by a series of checklists aimed at providing practical advice for organisations (Table 4 ).
The contents of the checklists were derived from the data collected from the interviews and focus groups. Where relevant, the checklists indicate whether the items are suitable for small and medium-sized organisations (SMEs) or large organisations. The European
Commission's (2003) definition of SMEs (turnover less than €50m) was used.
Preparation
The aim of this item is to provide mechanisms to ensure that employees understand what lessons learned are, what they aim to do, the preferred ways lessons learned should collected, stored, disseminated and used.
Needs Identification
Von Krogh et al. (2012) highlighted the difference between corporate and individual needs.
Section 4.5.1 also found both corporate and project staff needs should be addressed in any lessons learned system. Checklist 1 (Table 4 ) provides a sample of the areas that need to be considered for each group. The examples were derived from the questionnaire survey (corporate needs) and focus groups (project needs).
<Insert Table 4 here>
Processes and Tools
Section 5.3.2 highlighted some of the project teams had little understanding of why they were collecting data stipulated why by head office as part their company's lessons learned system. This indicated the communication between the corporate office and the site-based team could be improved with regard to what they should do and why. In addition, Figure 2 highlighted the discrepancy in the perceived effectiveness of some tools used. This part of the Roadmap therefore focuses on the processes used within the organisations to collect lessons learned. Firstly the processes must be agreed by parties and secondly the tools required to deliver those processes should be those that are considered most useful.
Checklist 2 (Table 4 ) provides sample tools and identifies their suitability based on different sizes organisation to address the scalability issue. Ruggles (1996) , Anumba et al. (2005) , and IDeA (2008) provide more in-depth discussion of relevant tools.
Content and Format
The capture of lessons learned in a format that is easily accessible is key to those lessons being re-used. The findings of the focus group showed project teams have difficulty in knowing what lessons learned are available. The A3 Thinking is adopted as a possible solution. The aim of the A3 report (Liker, 2003) is widely acknowledged as a simple format for problem solving. It includes an A3 sheet that is readily produced; it describes the problem, context, solution and review in a concise format (Shook 2008 ). In addition, Garon (2006) advises that if there are a large number of lessons learned a prioritisation should take place; the less significant ones could be made available to those who have the time to read them.
Repository
Section 5.2 highlighted 33% of the questionnaire respondents do not have access to lessons learned. One focus group stated "…after they [lessons learned cards] leave the site that the documents go into a 'black hole' without any use for anyone. In fact the knowledge area in the company intranet is also thought to be part of this black hole. No one knew where the lessons learned cards were or the activity sheets or the best practice sheets were." This problem therefore required an acknowledged place to store such lessons and how they may be retrieved. Checklist 4 therefore provides example storage and retrieval mechanism for lessons learned.
Communication and Dissemination
Communication of the lessons learned is important if learning is to occur. Quintas et al. (1997, p 387) highlighted the need to "ensure that everybody in the organization 'knows'
where the knowledge is available within the organization.". The focus groups highlighted they had little knowledge of what lesson there were. This is a challenge to address.
Pushing lessons to users will lead to information overload and leaving it to staff to pull the lessons means that it rarely ever done. Checklist 5 provides some ideas on how lessons learned could be disseminated more effectively.
Review
Checklist 6 identifies mechanisms companies may use to judge the impact of their lessons learned. It requires metrics at both the site tam and corporate level. None of the data collection was able to provide evidence that companies undertook any reviews of their lessons learned processes.
It is envisaged that using the Project Learning Roadmap, with the support of the checklists, companies can tailor their lessons learned processes to maximise benefit. The Roadmap provides leaders with a tool to improve project learning in distributed leadership environments that exist in projects. This addresses the need to span the leadership strata outlined in the work of von Krogh et al. (2012) .
Scalability is an overarching feature of the conceptual model. Lessons learned are equally important to small and large organisations. Thus any solutions proposed must be scalable to address the needs of all constituents. The tools used may vary considerably between organisation sizes due to the availability of resources available. For example, a study conducted by Williams (2008) indicated organisation size was considered a contributing factor to the type of lessons learned solution; he went on to emphasised there is no "one size fits all".
Validation of the Roadmap
A workshop was held to validate the Roadmap proposed. The participants consisted of 19 professionals from a range of construction organisations including leading project management consultants, engineering design consultants, construction contractors and government agencies. The background of the research and its findings were presented; this was followed by proposed Roadmap. The main questions asked regarded the relevance of the Key Elements, The Actions required and Implementation Guide. All participants were in agreement that (1) current practices needed improvement; and (2) the Roadmap provided a structure that should improve on current practices. The main discussion surrounded whether the Roadmap's Actions should be more prescriptive. However, ensuing discussion supported the need for flexibility and scalability based on organisations' resources and culture. It was felt that using too a rigid structure would encourage employees to deviate from recommended practice. No recommendations were made for improving the Roadmap.
Limitations to the Research Undertaken
This study is considered to have three main limitations. Firstly, it was based on the UK construction industry and although some of the respondents are employed by multinational organisations, care should be taken in the use of the materials in contexts outside the UK without further validation of the applicability of the findings and tools proposed.
Secondly, the interviewees were selected from respondents to the questionnaire. This means that random sampling was not used. Normally, this would mean that the responses could be biased. However, the responses from both populations indicated that there were differences in opinions between the two population samples. Thirdly, although the Project Learning Roadmap provides a structured approach, there is little guarantee that it will improve lessons learned without addressing other organisational issues such as culture, time and sense of value added.
Conclusions
This research was aimed at encouraging leaders in construction contractors to improve their lessons learned practices. It commenced by developing a better understanding of how learning is achieved on construction projects. This was supplemented by data obtained via a questionnaire survey, interviews with those responsible for implementing lessons learned and focus groups to understand the needs of site-based personnel.
The results highlighted a disparity between the goals and outcomes of the populations surveyed. This emphasised the differing needs of each group, the lack of value attributed to the lessons collected and lack of transparency in what happens to the lessons collected.
The results also highlighted the limited use of KM systems and where evident, an ad hoc approach was adopted. Adoption was driven on the potential of the system to 'fix' problems and deliver definite, quantifiable business benefits that stretch across the organisation. This demonstrates a blinkered perspective where there is an expectation that a system should yield business benefits, because an investment is made. But, implementation of any system should be driven by a strategic business need (i.e. learning) that adopts a holistic perspective which considers the implications to the project processes, tools, and people. This view is consistent with that of other studies such as those by Peansupap and Walker, 2006 and Ruikar, et al., 2007 which suggest that organisations should closely manage their KM system initiative decision-making and implementation using pilot studies and a reflective learning approach to maximise advantages from lessons learned. These studies emphasise that technology deployment primarily concerns peoplerelated issues of effective change management, knowledge transfer and leadership by a champion and adoption team to sell benefits and support users.
To improve current practice, a flexible practical approach is needed and the outputs from the study are designed to address this. The recommendation takes the form of a Project Learning Roadmap. The Roadmap looks at addressing the five elements of Needs Identification, Process and Tools, Content and Format, Repository, Communication and Dissemination and Review. These will enable individual organisations to develop their own solutions tailored to take into account the differing stakeholder's needs. Further work is needed in the form of industry pilot projects to test the approach and further refine the implementation guide. 
